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(54) SEMICONDUCTOR OPTICAL FUNCTION ELEMENT 

(57)Abstract: 

PURPOSE: To make it possible to lower end face 
reflectivity and to lessen the coupling loss with fibers by 
providing the above element with a mode conversion 
region having end faces diagonal with a direction for 
guiding light. 

CONSTITUTION: This semiconductor optical function 
element 20 is constituted by providing the optical 
function part 22 on a substrate 1 laminated with a buffer 
layer of InP, etc., on a semiconductor substrate of InP, 
etc., with a waveguide type light emitting element 2 
laminated with an active layer (core layer) of InGaAsP, 
etc., a clad layer of InP, etc., and a contact layer of 
InGaAsP, etc., and a waveguide 3 laminated with a core 
layer of InGaAsP, etc., and a clad layer of InP, etc., for 
changing a beam spot diameter in the state of plane 
waves to the mode conversion region 23 by inclining 
both at an angle 9 with the normal direction of the end 
faces 21 of the substrate 1. The beam spot diameter is 
expanded in the case of the guided light from the optical 

function part 22 toward the fiber to be connected. The beam spot diameter is reduced in the 
case of the guided light from the fiber to be connected toward the optical function part 22. 
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[0004] C©<fc^ A fc^(**«IB* 

TiLTB. {BJ&B. lUi'FQ-i'^Uf-X, 19 
89¥8^31B, H25#, fl8f, 11241- 

12421 (ELECTRONICS LETTERS 31st August 1989 V 
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^©rSttltcib^r/O F+> * ^fcgtfjSi^tf-f F© 

[001 1 ] ^L^J, *#6W«C^5^«c^«fi6«-7- 



(4) 

5 

ov* fcttai*t«i*! k> mm&zft uxm 
me *- m^mm^yr^^tm^ti^momm 

FS & jekisw s c t * * . 

to o 1 2 3 */c> mimm&&zm®.(D&$i®%m? 

^{c. lufB*- Fg&M&£firiB^©&jftB©&*Ct 

r»*j:s<ohwu/t: *>«»:<,>. c©»^. fltriaa^©^ 

[0013] ECC. B9IB*- F£Stffii*tcmtt&A«£ 
[0 0 14] 

*tt/JvT5©-C. fi£*©^»^K«J»fcJ:SR»^<g 30 

«fc 5 ccaeM^^^ffi^fca:^ u > xsra £ ft *. 

[00 15]*/c, F«ft««*aWtfcCi«:j: 
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-FS»««*ja*-r*fc»«:t*. MtpcDflJRgtttOfi 
^^.BW^M^tBfiSS (MXVD:Metal Organic 
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*fc. ^»K.Timm<onsu»^i<x^t!<Dxm^ 
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/cfc©r*s*s. Stp-cB^BSu-c*^,, c©S«i± 

oyJfflMUZ 2iC l n G a A s P^©rStt)l Or 
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FSdMilA2 3 &c¥ffii£©$£ t-A^ ? hS*SE<b 
3if£ I nGaAs Pfti'OarlfeJ:^ I nPfc£*© 

t^v Fm*mmbtcmffl&3 s«i©sffi2 1 
(Dffl&xfoicttuxft&otcttmibtc ifxwtttxmw* 
ft®mt : f-2o*mi$.-tz>. s/c si©itis©Js^. 

-f ft to % . ^ r B©ffl«Si^stB U y v i>wm%ffife. 
©JS^. #«Jtt*W«B3 ©itT©»R 1 ©iS3#fa- 
K-AX*, FS*j£Wft*i6*H2 l*[fi]^«-r 

[002 1 ] C©ct 5 ft*JiR&#-r £***«©¥«*# 
*«fiMR-T-©«!)***B-r4ft:«>K:. U— !f*%4Bffi«: 
Wl/tl" -9" *-C«WrjRB*L.teRW>SBttttft«lffi 
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ffiimw-AXTZv h&tftfytt^ 3^7cBPM(Be 
an Propagation Method) fi6(Cj: •3^©l / fc*§*?:02 

-1f (iSSA=l. 5 5 wm) =&#Mur3TgcD®tlT 
^£3. 3 8. 37@©f 340. 3(tm. ZvvYm 
©B$r^£3. 1 7il, ar^©ifaT^t>^0 1 Kfc 
WSig$!8giHWG£0. 5 wm~ 1 0 Mm*-C^t3# 
fc„ jS8. f - A X # ? h tf- * <B*> £ 1 / 

Bt©igB®$sgipiwGK:BS^iA>„ io 
too22] 02tc«fcnif. ^ows!^^^^* 

-K©jgj&8gi|IWG = 1 Hm, 0 = 7* <D*4S>®?SSgK 
<fc->T?# kftSSjgSSS^B. 17. 6% (|5I0*CC. 

w m icfcmcm^ m ci&Mfcmmt 0 = 3 s«t ( m 
mwc, --cts-t) ©$4«>is$*ssrf#i->ft. 0 = 7* © 

£$-e&ft« 1 %JyT©^ffiS»t* I X9jk 

©^{fc^&t&Sfid'- 2 0 SC*Jt,>T 0 = 7 • ©ftgKiS:^ 

z&ttzuzmimzicji^x, ^&^2*»e.tast3 

tltcl umW-AXtfy r&#is&E2 1 tCfcHTS u 

mlCfclfi^X^tU*. mommmu (=Um) 

m 0 8gW?S4«>^i£3S8l3»£*nt- £t£*©¥i£:ft#tS«£ 

£S„ *rc. ^SS3«:J:«3*-K^$I^2 3A^ 
B. r&4J£*ortb§*-r& 

<?<<>. *83E2 1 test L/r^«^*5git%l«^ (0 = 0 
' ) . *££8b*:Bl d B«T{C^-SC<h*5T#SA5. # 

^fe^©*#i$^#g^ 2 o -c«5*f*4fi«-r i> tt 

*{Cl4«)Cct-Ct,^CD-C, ^iJ^SttS**. 0=3 

• mg.xxttiimmtem'&tmmc 1 d bjwbc-c 

0 = 7* Xt>2 d BliSifiesf-tCtb^r/jN?^,, T 
$426^&SS^{Cj:SR^ig^m ; &«L< 

CtifiXSZ. ^S§S^*T-2<D^?SitI?r 
5 u mfcjAtf & < <t 1 /i mfigcDiHT'JSESW^ 1 % 
«T#f#6*-i&©T\ *gt$Sfiifi£ 5ami L>/cJg£©rii 

mmm<Dftg.e *>i^ <x$ ®sbm 

m&Bffi$<Dx- *^>yifiKm>TE#{i©SJ«I?£§: 
Wfc< <&£©-?. ftM7'ti-tex<b<§mx$>z. 
[0023] #si|J^£fi£3fc©j&Jg:ti 
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tt|At5/c«), zg&S&3£feftS^ 2 ©Jg&SgUISrl ai 
mtlTt. K^fl^fcjrori 0 wmigSS'C 

*»$&©£ g 0*54" HgrH31-C#. 7r^i©*S 
ism*:i>2 dBfC-r^CitpItfe'C^S. Ch«, 77 
s> r7y-Y^*©=i7tIBjI3U 0 /imligf-Cfe-SO-C. 

«*£/Jn3 P>T$>&. 
[0024]*>*i*,A,. &*©£#»&&#& <b 

t^aci^s. '&*x-itmmx%tj:fr^tcm>m.m 
x. imm&mvttmm^xzz&hfrtmmisxis 

[0025] <SS6feM2 >03 «. *:^(C^S^(t 
^•WF-©OT©**W*5Wtt«H-C*a. 1^. 0 3 

ecteur, HiSWIiosi-c^u/c^sls^iiHjDgp^ 

W. 1 ±SC*mm2 2 {C*4«>^?SJKM^lt«S4 
*»fiJEb. *»fifiB52 2©llfl!l«:*-Fiai«W2 3. 

2 3 -e*i^n©*- H^fti^Kt-A^* 

» .hS*^fbS*4»«ai83. 3«A(ttNfnB2 1. 2 

i KMLxft&etcwmixmt£isXi,>Z!!*ifimtew 1 

[0026] CW^^tc^fiS-r^CitcJr^rfc. 

«iT»-*<fc©iHia{<Ma*4»*ci*s-c*i. se-> 
r. ^»^jgBS«»jg«:J:-55«mffi?«^©iiAi. i 

L. tHW^EO^-K^^KSW^iS-KSBifeii 

[ 0 0 2 7 ] BI«0«l**»i*:i&K:B. Mi, 

KSE»««2 3.2 3 47fe^ffigP2 2 Kitt&L,-C 

»w s^SBft < . m 4 K?jvr «t ^ «: ft* s ^«sek 5 & 
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c o o 2 8 ] ma tc. mmo&imznztc&Mt. & 

«$gg:frfa£&&Kfc&J:5KigEi2 la. 2 1 a4» 
[002 9] <Hafe0«3>ll6tt > *8mK&z>¥m# 

%mm^-oymic%\\cymmm^t%mm-cib^. r§tt 10 

*5„ m 6 {C*5t,>T#M^ 1 OBI nPlS^O, 
C©I nPlSl 0±«CI nPA^yll 
ft. IKInPA^Tll 1±CC. 36&mUZ2tC 
©gP#%tfetf FSQII««2 3. 23KBInGaA 
sP?£ttJil2. I n P©±Sfl? 5 ? FJB 1 3 . InG 
aA s Pn>2* Mi 1 4 JWB&fS/I S n/c^jg-Cffitt 

ja 1 2 ©we^ssus l /c y * i>m.<m^w&mv h 

Fig 1 6 **KW 6*1. %mm2 2K»plil7« 20 
W^ft-CO*. #SIJis0!J©*§£. 3GmB#2 2Kftiffffi 

M^2 3 . 2 3B. 8WI*iaj©WSrftfeft»«BWI*s 

%MffigH2 2*>e»-en ; en©Sffi2 i , 2 lma^-c 
ft* 5 Cc$j$3ftri>S£ft{c. CT2 1 

[00 3 0] WT, t©J:5(C«fi£Sft£#iyiWD¥ 
VfHElMBfi?- 2 0 ©£&»?>&£ . i7-1104ffll> 
-csfcHj-rs., C(D«j»*ttB, ^*0©MtRMi$fi£g&ffi 30 

[003 1 1 17 (a)W¥I@-C*t), <b)ttl3J¥ 
®-C^L//cSP^©®rffiS> (c) BB- 
B' &-emLtc$m<DWiWM. (d) «C-C ^"C^ 
b/cgfc»©»riIS"r*S. fcTF. &Hfcfcl,>T (a) ~ 

(d) mmicmc,$m<D¥mmt<5j:vwiffimzff; 

"T. &mw® (b) ~ (c) CCmT<fc5(c, MO 

CVDffiCCjctJ I nPISl 0±K^';7 7il 1 «b& 40 
S I nPMItS. 

[0 0 3 2 ] ^tC. 08«:*Slir, InP'^77il 
1BCS i O l H£*t«t,/c&. il&©* h 'JVf->7 
•< ftffiCC J: *ttttLTil9?««jfcfifli S i O 

1 5£ffJj?W£„ &1>-C> InGaAsP©rg 
ttJ112. I n P©±95-? 7 FJ1 1 3 . I n G 

aAsP©3>W hill 44MOCVDS(CJ:0i5; 

fi£SbT«)i^^fiE-r£ 0 c<om. mm (a) - 
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3, 2 3 «®MSK»^TJI3#ft* ft 

4. C©<fc^jIi'?«il&a^ffiK:Wl>T« > «*.«. 
##3?K<££{f:¥ : ftfi!;MW94-3 3. OPE94-2 
6 (1994-06).m6 7~7 2M© rjgftMOV 
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g|52 2(C, IfO*F';vi/77^iK<fcf)S2 7 4 
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[0 0 3 4] ft&tC. 01 0(C*S<,vt. «*.«. Au/ 
T i ^©^JS%X^#L/fc?g. * h'JVfW^ mm 

tc&*>mm (a) {cm-r<fco(c^^-->^LT. ps 

SI ft. *HI6tt-C«. &9)©&£i:. 

^*36««BR-T-2 0«*«I*>6aDSr(*«>«Rl Ofcjf 

/P t/Tif©iI«MfUitl 0©gffi(C 

[0 03 5] C©J:MC, 07~01 0"C^L/ci?i§* 
ffi«cj;n{i. iim©¥^*tiiHSIf®©SS)t^D-fe^ 
£fcA,e>ato£C£&<. *- FS^M^2 3*^S^t 
ncimS. 3 *:||«SWI©3lctiiHS^ii^ 
fc^NW***^^ 2 0B, ^ifeW 2 ©0 3 (C^S U/c* 

±©»£»<c©ffi*. ®?««m73#©^*#-r6. * 

it. plil 7*>?>aA3nitm^tt. *-F^8S«« 
2 3, 2 3CC4>ffiA$n-S<t3»<t^o-CI,^©-C\ ^e- 

[0 03 6] «±©ltt^-CB. *- \ : ^mm2 3. 2 

3 1 2 2 ©3feJt*i3§ tzmmcrtmb. mn<o 

* - F£&ffii* 2 3,23 =&3tt^ftgSP 22i PffiJCC^SS 

2 2 cc*#{fcfcit«»<Dtt*> 0 (c . v —v*mm 

[0 0 3 7 ] $ 6fceUb©«Mm*. F«»«t«2 
3, 2 3©K-a^#j ha«Kftd««tMSK£t/ 
r, 3»iffiB«*ta«*i«iiK:SEto40il4^i/fc36J. Si 1 

(a) - (d) tc^-TJ:'7CCfieEP ; ir^8Si|is ; &^ 
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=SrfT 5-M£&tj; < , jlfj?©? * h y y ^77 ./ ©Bgft. 

[0038] 012 ( a ) ~ ( d ) ICf^t <fc 5 

K. *- KKMM2 3. 2 3<D*»BM&. ffimiifo 

(^©^^©a&m^&sn*. *fc. cn 

6©J»* i i (c. AtfJ*f:£©ff?tt* PBBttfcifi < Map 
[0 039] MCC, *3(Blt0|-CB:. riffil 1 2 */t 9 7 

tjii i (Dm-ticm-tr^zw. mi sicm-r^stc. 

rSteJl 1 2 ©a^fc> c©r§ttJI l 2 KJt^-OO F+- 
•f f •7WL&i&&\,^t>1}>Z>%ij 4 KH 1 8 *KW*C t 
KJ:»). fttf-Y FBI 8«^#©#Mfc*B5±LTigifg 

[0040] g/c, #S8*WtM*. y vSWMERNW 

i//c*5. mmzvtmfr, rstti on) <Wffi©sw 

€>l5l«©^mW#P.*X-S©W. BJf 
[004 1 ] C C-cm 1 6 *ffl^r. F£&ffil&2 
3*10 1 1 -m 1 3 iC^b^a/lMF'g-C^SSifl*^^ 

^m^2 OtCtltet&mZtlZ??? l-7r-fA50i 

[ 0 0 4 2 ] m 1 6 K4at,>t\ ftfflm2 2©7tWIS 
2 4 *s<fctPe- F^&ffii^2 3 ©z»&B§2 8 tt. <f*A 

XSSS2 i (cfti, -c&atrtc^j&sjrc sfcfc. 

882 SWSdffirtK^SSifi^^tbrC^., 3fc«fitgB 
2 2 2 6 B. 3 t^tt 

7^<-fx4g®2 l#>6W!W<*ft. *7r^<5 0^A* 
SftS. C©£i*ilitefc2 6«. *-F^«^2 3© 
mm&2 8(Cfct»T. f!iR©S$f©t-AX#v h 
a#SE*>»). WS*3*i6#s. f^-/xSI2 HCMU 

m$m2 buMtmsmz 2. wkomtm®. 
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®5«^ffi^©if *3Hilll(c J: «5 . »?r§I©ifSffiS!H*£i# 

"H^^SIStiaftej: •?*>/]>§ <TT8Hf©T\ 

«fc 0 x v * > yftjl#*5f|& . St* J: 0 /J> 

[ o o 4 3 ] */c. -mK.^m» u— y ^^ti^s 

io l amga©iiaaSi|i*sai,»*i. l/im©^KftSiti 

•m. mtie = 7' ©^^aas^^ffl^/c/cw-c 
u-ir&mm#i%m&<Dmm&mz5 ^mmi, 1 

*^^©^ft^a^^«*^gP«:JFMTi^(* 

rgf^i ummm.<DmtLtc£t.x&m.mmit&Mtiz 

20 ©-C. ?«M^j4{S«-C|f-5,„ 

[0 04 4]^l/T. t-K^S)|2 3-CB, ^SSSfe 
2 6«¥ffiiK©3;S-?-©fcr-AS*5^?.©-C. 014 
1 5 XjjkL-fc<£%&i<D <fc 5 tcJ«i&£¥E&fc:i!: 

«^*51S#CcAj:S^nx h TWEETS. 
[0 045] ^fcjgtC, *- FX9tffi«2 3 ©ag-&?82 
8T««^2 6(i¥li©$$fOb-Al^b 
•3, i§j§#2 9<fcO-CUi!=f;*ftS. fifor. ?£«S«Eg|52 
2*iM7fei!S<!:LrfcUSf$n-C*>. «ti^±&^ffijgdtt 

30 -,X7 7 j^5o<DaT®i5 2«:j^M2n2>. m&mm 

7 7 -<^t(0^m^ 1 d B«TKtSCiAi 
■Ct^*5. ^8S2 8*^ffi2 lKSsrurftHftr**® 

t-A^t^4*©59l***D-r*Hcswr. 0 = 3 

• Stt3sr<c^K«IH2 l K^fLrfiit&ti^iaiiig 
D*S£«*1 dB«T*f6tl, 61 = 7" -C4>^«^ 
2dBgS ; S:f#-2>Ci*5r#. 7 r W^'<b©*g^Ji^=& 

jg<t LxmsHstcm-grMt. e-M.Bmt. muxomw 

WXhi>o>X. mVXDgMZti-f&lC&VZOXilbZ. 
[0046] <mMM4>m 1 7 «*^tC^S*^l(* 
5fe«lfife3R^©IICC«iJ©SIJ609*^-r«lilS^fflHt?* 9 . 

±fxMw.2 x2 *p^a--^ w v ricmmLtcm^iX- 
Mo>r&*m%-$L%, $t-r. mi 8icu^<D^mm2x 

t,>XISlW?Z. 

[ 0 0 4 7 ] 0 1 8 (Cfcl»t, #flSW^6 0 UM^<D± 
50 SS^2 x 2 JO^-JEX-f y f&TjkO. Z.<D%?*4 
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-^60 ttA#«B©3fc*7 r A / < 6 1 *$<fc 6 2 *p 6 A 

A*»J©i^7y-Y><6 l*6A»l/fc# 

[0 04 8] AAl©jfflt7 7-/^8 l*6A»0fc# 
i#0i«R6 6atittl/fca 4 zgi£&6 7a£ 

y*6 3K:ffif*3i*&Jg£0C«, ««aA»6 8 6C«»* 

S8S6 7 a3&>6<3WK»««aAaS6 8 CC<£ 0£5£f£ 
h, VRR6 9 afttf A#0 WR7 0 a tWltB 
*ffllJ©it«7T-<^6 3CctHltS4iS. Sfc* *»7t 
-Y'<6 4«CHH»3«4»£K:tt, ®fti£ASR6 8 KHSfc 
^ftAttc^tiai^c *<D»^ iM6 7a^60 
36t*«»ffiA»6 8«raBiUr««ffiA97 1 

M»ffiAgP7 1 fc««**iiAOTJaf»WKJB0r* 

6 4tcm«$n^o ccr, m^mm§6daijSLvm 

M6 7 a<D£*§£B£<lb, ®SaASP6 8.71 <DSS4 
«i@g 7 2a ifi&tt h tir I > £ o C <D^3W**««g 7 
9 , -Y x 6 0 ©48ffiK:&K» 

l/ttlr>. «StffiA«:j:SHBf«CcJl*r**fiT3 

*fTorfel0 - ga&Mttfirc**. C0£9&44l{t 

fiaeflUfcorw:. r-f • -f- • -y- • -y- * 

h^*X • f^^P^l/^-X, 1 994^2^, ft 
6«, ft ft2 1 8-2 2 1H (IEEE PHOTONICS T 

ECHNOLOGY LETTERS, VOL. 6, NO. 2, FEBRUARY 1994, pp.2 
18-221) fc$m2frtc<b<D&mtft>tl2> 0 

[0 04 9] CtiicttLX. 01 7CCt^U/cJ:^CC, ± 
BSWS12 x 2 * n <Y y ^flttB*«BELte** 
SfeWI<D*»<*^«Sg*^8 OB. SI 8fc7j*l,fc«*W 
<btb^r, tt^OSVttttKRWl. RW2*»lvtl>4 

acFAHM*«nB«:e-AX#9 F«**Yb3i*4H 
*3I»S87 3 a. 7 3b*>e)&5t-F^!l««2 3. 
2 3«H9TC»«^[3»S|ffii a r«. C<D*-F9»««2 
3tc<fc0, IIS6W1 ~3r»^/c(Dtl5l«<DiSfflMiS»* 

fi#S^«*. $Eot, AttJW 

ffl!K^3ft*?T-MM\ BMfr?^ h7 T Y^8 
l-8 4*ffiffl-r4Ci*r#4. JgCt. JfcX-Yv*© 
/J^HYb*B»i*iC»5*ljSfe**. fit*. ft**«3a»»W 
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6 6 a, 8 6bB, Wft*©lllWO«fetJl>tt< 

&&^<*«tt^rfttf?l>fc. 01 
8 *CtS L fc£KMSS ^DX;^^^6 0 CDS»0!I 
ttt^IL^l 2mm*:»l/t, tttt9*WM>RW 
1, RW2©fi»*W#ttft4mmr*S. CftKStU 

[0050] 01 9 2Ufl92 0U:. 0 1 7 CC^l/fcHJSt 

««2 3©aiiftK7 3a, 7 3bfr6HJ«Ufc2o©# 

■»F7tY^8 3, 8 4^AffT£ 0 C<DB5L 2^01 
&&g7 3a, 7 3 b&±<mCffi&X'ftZ>m\ 9<D<£5 
ttW^CCtt, «Sa87 3a. 7 3b©««ni*ti^h 

[005 1 ]B20lt 77-;F77Y^83«CA«f 
i*-KSfflMH«2 3fl»«»7 3ai. 7^»F7r 
-f/*8 4tcA8*-r**- FX9MM2 3<D*8W7 3 b 

*ra*>fe. *-F 

SSft««2 3CD#i£&7 3 a<&t-A|£#!)ft<fc9t>. 
KS0ft«W2 3 3 bOl^-ASPO A# 

^3 < tts«fc 5 tc, F^MttoWKRt: 

h77Y^83, 8 4CD£§ffi£02 O0C^r«fc Steffi*. 
01 9©»6©J:5ft77Y^8 3, 84<D38ffi#4>l/ 

fJffl«C<!:tCJ:ot, Vyv Wt -Y^8 3, 84^ 
[0052] *»W<WffJ«tt»»W«:o^rBi9B 

M> «*tf, WttBInGaAsP*lciSCi4 
<, GaA s&^<Dfi&©^a»tt«»IR-C*orfc. SRl» 

Wo 

[0 05 3] 

r»»6cRW4 C i ^CJ: 0 . fi£*<DS4«>»iK(8©4SffiJS: 
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[0 1 ] 4^tcffi«4E««4^flUi'fo-«ttM«^ 
[02] ^?g{c^s^^^^^©^4F£igt- 

[S3] *m*t,c&zm£&ft&mm : f-<Dm<omimz 
[04] *i^Kffis4UMt^tt*^sfcM©^ 

[05] *^CC^4^ttitai6S{^-cr>H«:glJ©SUfi 

[06] *ftWK&zmmwftmmm*<DztcmicM<D 

[07 ] 06^:^1/ /c^«:*titg^*^-r 20 
^S?r^-rjicfXg<D0f*or > (a) «^ffi0. 

(b) ttl5l¥ffi0K:A-A' HgrCTnLtcSHftommm. 

(c) «|a)D< B-B' ^-C^U/cgp^(D8lr®0. 

( d ) ttlSJ D < C - C ' M-Cfn l/fc§P»(D»fffi0-C* 

[08]07 (a) ~ (d) (CTKO/t^gp^-©^©^* 
Xg(C*>W^^HSRO , BfM0t , *.5o . 
[09] 08 (a) ~ (d) lC7jkLtc&ffift<DsX<Dmtp 

[01O]09 (a ) — ( d ) ICTjkUtc&fllftCD'X&m 30 

[0in *mmcmz¥m#ytmmf%*<DttcM<Dm 

mWZvk-tm-eib^X. (a) tt¥IB0. (b)tt|5l¥ 
3B0iCA-A' m-CmLtcmftOWiWm. (c) tt|5JD 

< B-B' m~CmLtcfflft<DmW^ (d)«|BJD<C 

[012] *&w<£{&z*mftftffl&m*<Dmcm<Dm 
mm^7nrm-v$)-,r. (a) «¥M0. (b) &m¥- 

M0KA-A" i^-CjKLfcgft»©»fE0. (c) ttlUG 

< b-b' mvmbtc^ommm, (6)\mc<c 40 

-C" ^r^L/)tg|5^CD»f®0-C&S o 
[013] *l6?««:^5*5i(*3fe«^^CD4fcMK:3IJ 
<D*&6W£^-f0T*^-C, (a)ti¥M0 > <b)« 
IsppffiStCA-A' iS-C^Ufcg|5^<DKffi0. (c) tt 

mo < b - b' m-c^vtcm^oymmm. (d)«iuo 

<C-C ^•C^C//cSP»(D»rffi0r-*-2. <> 
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[014] jm&&m?zms#mm&*<DV&m* 
m-?m-c$>-?x> (a) w^'iig^-r-s 

tt&CD&HBttftH. (b> ttSfcEJc^y-fAiggH-Sti 

^©^«^0-c*s. 

[015] ^to^gsfltjg^w-rs*^*^^© 

[016] *&mic%?>mm#y£mm*b*tiicim 
[017] *&WK&z*mt*ytmim*<D*tcm<D&: 

#X-f 9 ?-Kj@fflOfcii§^©«miffiK0-C£>£. 
[018] Wk<D£Sa&2X2i>aZ/*-%iZ<(-,9- 

[019)017 (cinUfci)^tt^663S^©tB*f^ffi 
©— «af*?n-rS£^0-C*-S. 

[02 o ] 0 1 7 icmotc^m^mmm^omsmm 
©»ij©w*^-r&^0r* •*>„ 

1 •••««. 

2"^?g|ESS^3feJgT. 
3-^SS. 

1 0 ••• I n 

1 1 ••• I nP^»7rB, 
1 2 •• I n Ga A s Pr§14/1. 

13- 1 nP±$frt>?v K». 

14- InGaAs P3>f* MI. 

1 5 - mvimmm&ms io.v^?, 

1 6-#lMS 
1 7-p^S, 

1 8—1 n Ga A s KB. 

2 0. 8 0-f«**«f. 

2 1 a -JSgffl. 

2 2 •••*«ftB8P. 

2 3 FXMW, 

2 4 

2 5 

2 6 -SHlBfc. 
2 7 

2 8 -mm&> 

2 9 -jijlift. 

7 2 a, .7 2 b -**W***9«S. 
7 3a, 73b -tMbmffl&. 
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21 



[015] 

[06 ] Ell 5 




21 
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1 1 ] 
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(a) 




(b) A-A' 



(c) B-B' 



^ ^23 

,17 



. 16 
„ 13 
- 12 

• 11 

* 10 




{d> C-C' 





(b) A-A' 



(c) B-B* 



(d) C-C 




- 11 

'10 



II 

- 10 



(a) 



13] 




Lc- Lb' 



(b) A-A' 



^23 



1 s. I 



^13 
^12 
1B 
' 11 



(c) B-B' 



(d) C-C 



[016] 
HI 6 








23 KftHlflUK 


22:*tttta ' 



(13) 



11342 
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m^a^#mm^^s i tb2«>*» 
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